Cell cycle implication on nitrogen acquisition and synchronization in ıt Thalassiosira weissflogii (Bacillariophyta) by Mocquet, Christophe et al.
Cell cycle implication on nitrogen acquisition and
synchronization in ıt Thalassiosira weissflogii
(Bacillariophyta)
Christophe Mocquet, Antoine Sciandra, Ame´lie Talec, Olivier Bernard
To cite this version:
Christophe Mocquet, Antoine Sciandra, Ame´lie Talec, Olivier Bernard. Cell cycle implication
on nitrogen acquisition and synchronization in ıt Thalassiosira weissflogii (Bacillariophyta).
Journal of Phycology, Wiley, 2012, 49 (2), pp.371-380. <10.1111/jpy.12045>. <hal-00848436>
HAL Id: hal-00848436
https://hal.inria.fr/hal-00848436
Submitted on 22 Aug 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
	ABCBDBE


BFBDBEEBDE	ABCBDBE
CEBDBEB	ABCDBE

  
EFF	EB

	
C !"#$E%&'()*!"#"+!,,"-'%*"+!,,"-'%*"./0.F"1'%"
AF !"#$E%&'()*!"#"+!,,"-'%*"+!,,"-'%*"./0.F"1'%"
C2FC)*!.' !),!/1'%"

	E	
C !"#$E%&'()*!"#"+!,,"-'%*"+!,,"-'%*"./0.F"1'%"
AF !"#$E%&'()*!"#"+!,,"-'%*"+!,,"-'%*"./0.F"1'%"

	BE	
C !"#$E%&'()*!"#"+!,,"-'%*"+!,,"-'%*"./0.F"1'%"
AF !"#$E%&'()*!"#"+!,,"-'%*"+!,,"-'%*"./0.F"1'%"

 	!B	
BB!%"C)*!.' !),!/1'%"




0''!'( ! ,"3	ABCBDBE
 

	   ABC	  
D
AECFB	FCBFECE
	ABCBDBE
D

/ % 3

D*"F!%*",!/.F"' "'4#",-'! ("'%50!/! !'!(!',,60/"# ")"/"'  *"
"--"% -'0 !"' %'%"'  !'' *")*6 ),'7 '0) 7" "!/!'#"50 "8*"' *"
-% //*8 "4),9! !'/! " 0"("'",,6,!'7/ *"#!0',/%!,, !'/-'! ("'
%50!/! !' "/)'/"- *")*6/!,(!%,/  0/-4!%,("  *")* '-,0:#"'/! 6
'#  *"/0/  "9!,!,! 6D*!/87!4/ ',6;!'(*8 *"%",,%6%,",/
%'/ ! 0 "//!('!-!%' #" "4!'' -'! ("'%50!/! !''#8*"")))! " 
//"//!'( *"!4)% - *!/))" 6  *"4%/%)!%,"9",1 *!/)0)/"8"%!"#0 
%' !'00/%0, 0"":)"!4"' /- *"#! 4F"""	#$%0'816:",,<
/,"":)/"# 9!0/%'#! !'/-,!(* '#'! ("'/0)),6
"/0, /"9","##"%"/"!''! ("'%50!/! !'8*"'/!('!-!%' )) !'- *"
))0, !'!/!'4! /!/D*!//"9 !'/0(("/ / *  *"'! ("'%50!/! !'!/
!'%4) !,"8! *4! /!/'# *0/!/' %' !'00/#0!'( *"%",,%6%,"B'##! !'
"'9!'4"' ,%'#! !'//0%*/ *",!(* /!(','# *"'0 !"' /0)),6!' "-""8! * *"
%",,%6%,"  *"!'#!9!#0,,"9",'#-!',,6--"%  *"/6'%*'6- *"))0, !'


2"68#/3%",,%6%,"4!%,("4! /!/'! ("'%50!/! !')*6/!,(!%,/  0/
)*6 ),'7 '/6'%*'!; !'F"""	#$%	
	




	ABCBDBE


!/ -"9! !'/3
 %'
 %*6# "/
*, %*,)*6,,"	
 %'/ ' ,!(* 
E	 ":)"!4"' 0'#"%'/ ' !,,04!' !'
B #!//,9"#!'('!%%'
FCE #!4" *6,/0,-:!#"
 %",,%6%,"/ ("==
 %",,%6%,"/ ("==
>F 0'#!//%! "#)"!#- *"%",,%6%,"" 8""'C'#
#!9!/!'
 ,!(* >#7/!(',
	 ":)"!4"' 8! *"#0%"#,!(* /0)),6
	 ":)"!4"' /!40, !'(4!:"#,6"!,,04!' !'
F/!(', 4! /!//!(',/"" ,"
 '! ("'
?
@
44'!04
		 ":)"!4"' 8! *"#0%"#'! ("'/0)),6
E
.
'! ! "
EA
.
'!  "
 )* /6' *" !%,,69!,,"#! !'
1 )* '-,0:#"'/! 6
) )"%"' ("-%",,/!'
	ABCBDBE


&	 %%,!4 !')"!#)! ":)"!4"' 
C %",,%6%,"/ ("=C=
B #!,64),! 0#"-9! !'!')!')"%"' (")!' /
 
	
	ABCBDBE


	AA
D*"-%  * %',!4! )!46)#0% !'9",("%"'!%"/ !((""#
'04"0/":)"!4"' ,'#-!",#/ 0#!"/!'""!'(87/-)"'CDECDF0(#,"D
CDF'#)),"6" ,CDC"/ ,!/*"# * %50!/! !'("'",,6#!/),6/
4')*/!%/ 0 !'(-0'% !'-": "','0 !"' %'%"'  !'2'8'/ *"F!%*",!/.
F"' "'"50 !')"''#F"6"CFF%B/%'#0(#,"CFC *0" ,
GGE *!/-0'% !'%'")"/"'  *"%50!/! !'- *"4H-4/-!'('!%!"'!  "I 
EA
.
44'!04I?
@
'#('!%0"4!'%!#/6)*6 ),'7 'D*"!
)*6/!,(!%,0'#"/ '#!'(!/ *  *" "-'0 !"' %50!/! !'!'%"/"/8! * *"/0/  ""
%'%"'  !'0' !,/ 0 !'-% !9" '/) "/"9" *","//-0 *"/ 0#!"//*8"# * #
%50!/! !'!/40%*4"%4),!% "#)%"//J*"'/0/  "!//0)),!"# *!(*$
%'%"'  !'/,,/" ,GGE8*"'40, !),"-4/-!'('!%'! ("'"9!,,"
/!40, '"0/,6F%B/%'#0(#,"CF4/'#,!" CCC%50!/! !'%'' D
""#0%"# /!'(,"/ 0 !'(", !'/*!)- *"": "','0 !"' %'%"'  !'B'
##! !'%50!/! !'!/,/#")"'#"' -,!(* B'#""#"'"(6'#"#0%!'()8"
)9!#"#6)* /6' *"/!/"'"%"//6-% !9" '/) -EA
.
'#! //0/"50"' 
"#0% !' ?
.
D0)!'" ,CKKCC!4" ,GGDB "4!'/ * %50!/! !'%' 
" "4),,6#"%0),"#-4,!(* )),"6'# /8 *CDD8/'#J'(CFK!
""#'#!/'GG?8*"'"#0%!'()8"%'"/0)),!"#6 *"% ,!/4-"
'"0 ,,!)!#/%*6# "/%%040, "##0!'()* /6' *"/!/+',""(*"" ,CC#
0*"," ,CK?D$
D*")"/"' / 0#6!4/ #"4'/  !'(8*" *" *"%",,%6%,",/!' "-""/8! *D
%50!/! !'D*"%",,%6%,"!/'".86/"50"'%"-/%*"#0,"#/ ")/ * %",,/40/ %4)," "DD
"-"#!9!#!'(B' 6)!%,%6%,"%",,/"' "- "#!9!/!'!'/4 !%(8 */ ("%,,"#D
LMD*"' *"6/6' *"/!;"#0!'( *"LCM/ ("'#)")"-#!9!/!'#0!'( *"D
	ABCBDBE
 

LM/ ("F! /!/%4)," "/ *"%6%,"8! * *"-4 !'- 8#0(* "%",,/D'/! !'/D
" 8""'/ ("/"%' ,,"#6'0 ! !','#"'"(6/  0/%*"%7)!' /*!/*,4" ,D 
CKD"'/0!'(%",,)%""#/ #!9!/!'',68*"'! !/4 0"+0, CC? D!
))0, !'/%," *"/"%*"7%)!' /%'/6'%*'!;"%",,/')"!#!%/!(',-,!(* D"
'0 !"' /0)),6'#%'/"50"' ,6": "'# *"!4)% - *"%",,%6%,"  *"4%/%)!%,"9",D#
+0, CC?+0, '#F!"CCC!'#"'#0'#GG$
"/)! " *""%('!;"#!4) '%"- *"%",,%6%,"'4!%,(")*6/!,(6
!' "% !'/8! *)* /6' *"/!/'#%50!/! !'"' 8",,0'#"/ #D*"#!--!%0, 6D
!/"/4!',6-4 *"-%  * %",,%6%,"/6'%*'!;"#'' 0,!,,04!' !',!(* >#7
/!(',!4)% / *"4" ,!/4' *"/4")"!#/ *",!(* )  "'! /",-/! !/
#!--!%0,  #!/ !'(0!/* *"--"% /1":4),"" *'#*!/*,4CKC/0(("/ "# * 
 *"#!0',)* /6' *"/!/% !9! 6!' *"#!'-,(",, "F'(	)"8/',6,!'7"# 
  *",!(* /!(',8*""/,50!'" ,GG?/*8"# *  *"#! 4E*'F)"	!
$($	":*!! "#(" ")* /6' *" !%%)%! 6!'/8",,06' " ,GGE"
/0(("/ "# *  *"#!0',/%!,, !'/- *")* /6' *" !%)4" "/!'+)F)F))(#
8""#" "4!'"# *6)* %%,!4 !''#%",,%6%,"C !,,/4"/ 0#!"/"4)*/!;"# *"$
,"- *"%",,%6%,"!' *"'0 !"' 0) 7")%"//F6" ,GGK/*8"# *  *"4!'
%!#0) 7"6+)F)F))(!'%"/"##0!'( *">F/ (")//!,6 / ) "!'D
/6' *"/!/)! #!9!/!''9"/",6*!/*,4'#C //CFD/"9"##"%"/"!'
)*/)* "--!'! 6!', ">F/ ("!'B(%"	%")0 !' *!/%/" *"0 */", "#
 *"0) 7"#")"//!'  *",!(* %6%," *" *'  *"%",,%6%,"D*"' *"!'%"/!'(
/!,!%!-!% !'/"9"#!',"'( *"'!'( *"/ ("-F"""	,;";!'/7!'# 
',"6CC?,50!'" ,GG/0(("/ / *"!'9,9"4"' - *"%",,%6%,"!' *"/!,!%!
4" ,!/4/ ,6!,#"'#'#*,!'GGG/0(("/ "# *  *"#!0',9! !'/-"
%50!/! !'/"9"#!'#!--""' / 0#!"/%0,#' "#0"  *"%6%,"',60 ,/  *"#
	ABCBDBE
!

 '/%!) !'- *"("'""'%#!'( *"EA
.
 '/) "/ *",  ""!'(", "#  *"%",,$
%6%,"" 9"6-"8/ 0#!"/*9"""'%!"#0 ' *"", !'/*!)" 8""' *"%",,%6%,"
'#%50!/! !'D
 D*"(,- *")"/"' / 0#6!/ "9,0 " *"!4)% - *"%",,%6%,"' *"
%50!/! !'-4!%,("E04!' /7!/ #" "4!'"-(!9"'%'#! !'/-,!(* '#
'0 ! !',/  0/ 8* ": "'  *"%50!/! !'- *"#! 4F"""	#$%
0'8!/", "# ! /%",,%6%," ! /)*6/!,(!%,/  0/'0 ! !','#"'"(" !% 
/ ("/D*") "' !,!' "-""'%"-4! /!/' *"%50!/! !'8/) !%0,-%0/!
A
BCDEA"
FC	CACE	A#
F	' ). 6":)"!4"' /8""%'#0% "#8! * *"4!'"#! 4 $
F"""	#$%0'8 !'"#-4 *"F!(",8 6-E%"' 
C%!"'%"ACD*"%0, 0"9"//",/%'/!/ "#-8 "H%7" "#.,! "%6,!'#"/%''"% "#  D
%!%0, !'(8 " * * 4!' !'"#%'/ '  "4)" 0"NGGEOD*"(8 * 
4"#!048/)")"#0/!'(G.P4F!,,!)"-!, ""#'#0 %,9"#GEO-*,-' 
*0/"8 "'#'0 !"' "'!%*4"' /%%#!'( ->-40, !'0!,,#'#6 *" 
CD":%") -EA
.
8*!%*8/##"#/") ",6 %*!"9"-!',%'%"'  !'-GG  
P4,
.
D*"/4"/ %7-/"8 "%,,"% "#-- *"%/ -+!,,"-'%*"./0.4" !
1'%"8/0/"#9" *"8*,"":)"!4"' - "%,!'('#/ "!,"##! !'-'0 !"' / "
 *"4"#!048/ '/-""#8! *!'#")"'#"' )"!/ , !%)04)/!,/'BBB "%*%0, 0" #
9"//", *0(*G.P4/ "!,"-!, "F"#!2).EF!%('D*"%' !'00/%0, 0"/!$
8"")" "#"! *"!' 0!#/  .")," "%*"4/  4#".,!4! "#D*"%0, 0"/!
8""/0H"% "# ("' ,"%' !'00// !!'('#0,!'(8! */ "!,".-!, ""#!8*!%*!D
	ABCBDBE
"

)//"# *0(*G.P4J* 4'-!, "'#% !9 "#%*%,  "-GE,! ")"!
4!'0 "D)"9"' )//!,"(8 *,!4!  !'6B%'/04) !')8/"(0, "#',!'"!
 %'/ ' 9,0"-KGNGG0/!'('0 4 !%%4)0 ".%' ,,"##"9!%" * !
4'! "# *"0,!'(-9"6/4,,40' /-)0"E!'  *"%0, 0"/-#" !,//""! 
C%!'#" ,GGAB,,04!' !'8//0)),!"#6-,0"/%"' ,4)/E/40,0:.!!
CEGEEJ/""06' " ,GG-#" !,/'# *")* '-,0:#"'/! 618/!"
","% '!%,,6%4)0 ".%' ,,"#,,8!'(#!--""' )  "'/-,!(* "(!4"/""D,"!#
* /6' *" !%,,69!,,"#! !'8/4"/0"#8! *50' 04/%,!#!'%""$
4" "	C.GG!/)*"!%,B'/ 04"' /"
F	-.C!:":)"!4"' /#!--"!'(6 *",!(* "(!4"'#>/  0/8"""D
%'#0% "#!'#0),!% "),,",%' !'00/%0, 0"/D,"B' *")":)"!4"' ,(""
8""(8'!'.")," "%'#! !'/ 0!#/  0'#"3,!(* 3#7%6%,"/D*""
":)"!4"' 8/%'#0% "#8! * *"/4",!(* %'#! !'/0 8! *,8"#!,0 !' ""
  !'.,!4! "#%",,/%*"4/  .	"'	/":)"!4"' /8""%'#0% "#8! * *"" 
/4"'0 !"' %'#! !'//!')0 8! *,8",!(* #/"B' *"E":)"!4"' "!
%0, 0"/)"9!0/,6%%,!4 "# %'#! !'/8"" '/-""# %' !'00/!,,04!' !'""
1!',,6%'#! !'/- *"":)"!4"' 8""/"  /!40, " *"" !%,9! !'/-,!(* "#
"%"!9"#6,('(!'%",,49!'(!'4!:"#,6"/!,,0/  "#!'D,",,#$
":)"!4"' /8""-!/ 0'-/"9",#6/8! * *")%'#! !'/,,":)"!4"' /#
":%") 8""%'#0% "#0'#".")," "%'#! !'/D7"") *"/4")* '#/"!' *"#D
":)"!4"' //!' *"":)"!4"' 8*!,")"9"' !'()* #4("!' *"-4"%",,/#
8"")"9!0/,6%%,!4 "#)".8! *,8"1 *'!' *")	D,"/!4!,#
 FCFKCKGB' *" 0!#/  %0, 0"/.")," "%'#! !'/ *"#!,0 !' "8/#
-!/ /"  ;" ,"  *"%",,#"'/! 6"%*)):!4 ",6G
K
%",,/
.
 *"' *"#!,0 !' "# 
8/"(0,,6#H0/ "#  *")"9!0/?*09"("#(8 * "D*!/,"9",-,(,#!
	ABCBDBE
#

#"'/! 6%4!'"#8! * *"EA
.
%'%"'  !'!' *""'"8,4"#!04GGP4,
.
,"# #"
"/!#0,EA
.
%'%"'  !'!' *"%0, 0"/",8EGP4,
.
-8*!%* *"%,!4" !%##
4"/0"4"' -EA
.
8/,!'"/""",8B'%*"4/  4#".,!4! "# *"(8 * "$$
- *"))0, !'"50!,! "#8! * *"#!,0 !' "$
$D
CAECEA A$
(	"(! ! "'#'!  "EA
.
%'%"'  !'/8""4"/0"#8! *$
D"%*'!%'0 .',6;"'#'0 4 "## %50!/! !'/6/ "4F,'#C%!'#$
CC#!,0 !'#"9!%"##"#  *""' '%"- *"%*!'4"/0"4"' 4!' !'"#,!'"$ 
"/)'/"- *"%,!4" !%"% !'-EA
.
%'%"'  !'/'(!'(-4G EGP4,
.
$!
")"'#!'(' *"":)"!4"' ',6/"/8"")"-4"#'%" 8!%")"*0$"
+")	)(%,D*"%'%"'  !'-%",,/8/4"/0"#8! *') !%,) !%,"$#
%0' "0/!'( *")!'%!),"-,!(*   "'0 !'!%>6%%!-!%C%!"' !-!%B'/ 04"' /$
"-"%0' !'(%0, 0"/8""#!,0 "#8! *'0 4 "#%4)0 ".%' ,,"#/6/ "4
"'#" ,CCDD*"%0, 0"/8""',6;"# ? !4"/#6'#"%*',6/!/D
%'/!/ "#- !),!% "4"/0"4"' / 7"'!')!#/0%%"//!'8*/"%"--!%!"' -9! !'
8/,"// *'AQ
"	$	0("1	)("	)"2	3E4	5	%	346	)FF*	3EF4	"'	
)"2F*'"	3E4,1%",,0,'##" "4!' !'/#0),!% "/4),"/-G48"" 
-!, ""# *0(*(,//-!"-!, "/J* 4'1>)"%40/ "# EGGO'#',6;"#!
8! *"7!',4"C"!"/?GG',6;"D*""),!% "/(""# 6)!%,,6 8! *!'A"
'#EQ-'#',6/"/"/)"% !9",6D*"/4"/4),!'()%"#0"8/%'#0% "#-#
 *" *"50 /":%") - *"/4),"9,04"-E4'# *"/ ("!',!50!#'! ("'D$
!(4"' /8""": % "#!'4!: 0"-%" '"'#DQ-!4" *6,/0,-:!#"FCE'#D
' 0,-,0"/%"'%"- *"*,8/4"/0"#6D0'"-,04" "'%"'  !'-DD
	ABCBDBE
$

*,8/%,%0, "#6 *"4#!-!"#4" *#-"' /%*<F"';",CDA8""D
4"/0"#6%,!4" !%"% !'/- ""% !'8! *)*"','#/0,-0!%%!#C0'" ,D
CK?F"'9! !'%"--!%!"' /8"","// *'Q-*,'#?Q-D
E	)*)	"(A/!'('0 4 !%#"9!%"4-%0, 0"8""-!:"#"9"6D 
*08! *G4-(,0 ,#"*6#" GQ-!',%'%"'  !'-Q 4 "4)" 0"D!
9"6K*0//4),"/8"" '/-""# ,!50!#'! ("'0' !,',6/!/",,0,8/D"
/ !'"#8! *C.""'B'9! ("' EQ#0!'(E4'", !9"%",,0,%' "' D#
8/4"/0"#8! *"% '!%7!'/'1C,!0-,8%6 4" ""50!))"#8! *'('$
,/"F#",DAGC)"% )*6/!%/ACR":%!  !'89","'( *?KK'4"4!//!'
89","'( *EG'44!'!404-G
A
%",,/8""',6;"#)"/4),"F ,SD
F *87/S)(4*/""'#"9",)"# ": %  (" !'-4 !'-4%6 4" "-!,"/
'# -!  8'4,%09"/' *"(""'-,0"/%"'%"/!(',!'#" #" "4!'" *"
)) !'/-%",,/!''#"%!/"#!--""' ! !'" 8""''#F8/' 
)//!,"0 F8///04"# " *"-!',"9"' - *"@F)"!# 
 !
D	AC		CAACA	A"
D*"*!(*-"50"'%6%50!/! !'/)"-4"#-4/ - *"4"/0"4"' /,,8 *"#
#!/%" "8#  "/4 *"#  !'%' !'00/ !4"/"!"/D*!/)%"#0"*/ 8$
4!'!' ""/ /1!/  *"!' "), !'- *"# /"!"/47"/! %' !'00/R,,8!'( *"
%,%0,0/- "/'# *"'4,!; !'-/!(',/4"/0"#0/!'(#!/ !'% /4)," !4!'(D
C"%'#,6/4 *!'( *"# /"!"/,,8/ *"!#"' !-!% !'- *"","9' /!(',4'(/ 
'!/"0 %/".6.%/"%*"%7*/ ")"-4"# 9!# *"%" !'#"," !'-
!'-4 !'
!9!/!' "8/%4)0 "#6#"!9!'(%",,'04"# /"!"//""D,"'#1!( 
D*"'" -!: !' "/""D,"'#1!('#8/%4)0 "#-4 *"E!
	ABCBDBE


 !4"9! !'B'/ ' '"0/%50!/! !' "8""%,%0, "#-4 *" "4),%*'("-"
 *%'%"'  !''#E!' *"%0, 0"B'0":)"!4"' / *"/" 8 "/8"",86/#
8",,%", "#1!(/',6 *"/"%'#8!,,"/*8'!' *"-,,8!'(/""D,"'#$
1!(J",/%,%0, "# *"=4! /!//!(',=F/!(',6#"!9!'( *")"%"' ("-%",,/
!'/ ("/""1!('#D,"/":),!'"#)"9!0/,6 *"4! /!// ("8/' D
":)"!4"' ,,6#!/ !'(0!/*,"-4 *")*/""%0/"-,%7-%*'("!'%",,
%' "' 8"9"4! /!/"'#/ *">F)*/"/8"%'/!#"F/!(', "):6- *"
"' 6 "!' ":!  "-4>FD*""-"8" *!'7 * F/!(',)9!#"/(#
!'-4 !'' *")) !'-%",,/!'4! /!/D*!/):6%'"9"60/"-0,!' '/!"'  
)"!#// *" "'#!/' ", "#  *"(8 *%'#! !'/!'%' /   *"#!9!/!' "B'!
 *"-,,8!'(F/!(',8!,,")"-""# !#"' !-6 *"4! /!/"9"' 8*"'#!,69"("#"
#!9!/!' "96!'"/)'/" %*'(!'((8 *%'#! !'/B',,0":)"!4"' / *"%//#
%", !'/" 8""'#!9!/!' "'#F/!(',/*8"#4:!404 !4",(-* $
C4 *!'(!/%0%!,/ ")/! %'/!('!-!%' ,6, " *"/*)"- *"#"!9 !9" 
#")"'#!'(' *"%*/"''04"!%,/%*"4"4" *#C9! /76.,6/),!'""/ !4 !'%0!% D
/),!'""/ !4 !'0//!'%'9,0 !'4" *#/8""#!/ !'% !9",6)),!"# "%*#  
/"!"//-0'% !'- *"!'!/","9",'#%50!/! !'-"50"'%6D!,,0/  " *"/4 *!'( 
)%"//":4),"/"(!9"'- *"# %50!"##0!'( *"	)	":)"!4"' 1!( 
'-!#"'%"!' *"/4 *!'()%"//*/""'//"//"#-"%*# /"!"/"/)"%!,,6  
%'%"'!'( *"'04"'#)/! !'- *")"7/'-!#"'%"//"//4"' !'9,9"/%*"%7!'( !
 *")//!,""%0"'%"- *"/%!,, !'/9"#6/!' *"/4"%'#! !'/ *"'04"- "
)!' /!'9,9"#!' *")"7-4 !''# *"%4)!/'" 8""'/!(',/1":4)," *" #
%",,# )!' -#6CA8*!%*/""4/'4,,6*!(*1!(!'#0%"//*0,#"!'(!$
!' *"//!4!, !' "8*!%*!/' "-,"% "#6 *"%50!/! !' "'#,/ !(("/'!
0'":)"% "#9,0"- *"EA
.
@>C!' !1!(1B'%' /  *") !%0,)  "'-!D
	ABCBDBE
D

#!9!/!' "'#6K#!9!/!'!' 8)"7/!/%0/"#6',6'"4"/0"4"' 0  *"!
/4")  "'!//"9"#' *"F/!(',8*!%*!'%"/"/ *"%'-!#"'%"!' *!//"9 !'!
!
CEEA! 
ACC	CA!!
D*"#!9!/!' "-?#
.
"%*"#6	F"""	#$%!''',!4! !'((8 *!"
%'#! !'/!/%'/!/ "' 8! * *"9,0"") "#6,7" ,GG'#*!/*,4'#!#
/ ",,CKGD*"#!,6)  "'- *"#!9!/!' "I!"'"4H)"7H0/ "-"#0/7"$
'#'" 8 *"/ '!(* 1!(AI8/,/)"9!0/,6/"9"#6*!/*,4'#"
/ ",,CKG / "#6/  " *"#!,69"("##!9!/!' ""50,"# *"#!,0 !' ""D
D,"A/8",,/ *"/)"%!-!%<-!: !' "/",,/%' *0/"%'/!#""#!'"
)*6/!,(!%,/  "-,'%"#(8 *"%"' ("-%",,/!'/ (")9!"#6?G"
)!' /0'#4"'9,0"-EDQ1!(F/!(',)"7/"(,,,6%'%4! ' 8! *"
 */"- *"#!9!/!' " 4","//*1!(D*"-% / * #!9!/!' "8/'"9"" 
'0,,'# * F/!(',9! !'8/,"// *'GG)!' /4"' *  *"))0, !'8/' "!
-0,,6/6'%*'!;"#""
%50!/! !'-%%0"#"//"' !,,6!' *"#6,!(* 1!(A *"'% 0',"#
%50!/! !'")"/"' "#',6GQ- *"F)4,%50!"#)"#6F")"%!/",6#$
%50!/! !'/  "#",6!' *"#6,!(* !'%"/"/0' !,*"-"'''#-!',,6#"%"/"##
#8' 4!#'!(*  "#0%"#0 /!('!-!%'  "/1!(A */!(',/-%50!/! !'#D
8""8",,%", "#1!(1'#'# *8""/!('!-!%' ,6%", "#  *"11!(#
A'#F%50!/! !'8// !% ,6"/ !% "#  *"#6,!(* 1!(A'# *"'!(* ,//"/#
)"%",,")"/"' "#E.FQ- *"A)4,%50!"#!'9"(")"#6%//.%", !'#
',6/!//0(("/ "# * %50!/! !'/-'#8""50! "!')*/"/ *" !4",(" 8""'# 
	ABCBDBE


 *" 8 "/8/,"// *'*1,,8!'( *"#!--""' )  "'//"9"#-'##!
%50!/! !'/#0!'( *"%6%," *"4,> !9!"#-4GG '!(*  G#0!'(#"
 *"#61!(*,'#%' "' /!'%"/"#!' *"#6,!(* '##"%"/"# '!(* 1!(##
B-,,8!'( *")  "'/"9"#-<%' "' /D$$

	CA			ACC	C	AD$
4)"#  *")":)"!4"'  *",8"#!,0 !' "-GDC#
.
)),!"#!' *!/D$D
":)"!4"' !'#0%"#,!4!  !'"-,"% "#6,8"9,0"/- *"> !%",,50 D$
'##!9!/!' "D,"AD$
D8F/!(',)"7/8""/"9"#)"#6H0/ "-"#8''##0/71!(AD*""D$
#6/- " *"'/" -,!4! !'(%'#! !'/ *"4),! 0#"-9! !'- *")"%"' ("-D$ 
%",,/!'B8/E)!' /,8" *'!' *")D*!//"9 !'!'#!% "#D$!
#"%"/"!' *"))0, !'/6'%*'!%! 6D*"#!,69"("# "-%50!/! !'#"%"/"#D$"
60 KGQ!'%%#'%"8! * *"#"%"/"!'%",,D,"AB'%' /   *")D$#
":)"!4"' %50!/! !'8/' "/ !% "#  *"#6,!(* )"!#/#!0','#'% 0',D$
9"("# "/#!#' #!--"/!('!-!%' ,61!(AD*"'":%") #0!'( *"/"%'##0/7D
%50!/! !'8/,8"%* !4"F/!(',8/*!(*1!(A'#%//%", !'',6/!/DD
/*8/ !4",(-A*" 8""' *" 8/!(',//":)"% "# *"'" -!: !'8// '(,6D
", "#  *"1'#%%0"#',6#0!'( *"#6,!(* )"!#1!(A1!',,6,// "/D
#0!'( *"'!(* )*/"8""/!4!,  */"/"9"#!' *")":)"!4"' D


BCCA	DA			ACC	CAB	ACD 
1,,8!'( *"!'! ! !'-,!(* ,!4!  !' *"#!,69"("- *"#!9!/!' "D!
#"%"/"#6EEQ%4)"# )0'#",!'!'( *",!(* ,!4!  !'F"9"BD"
	ABCBDBE


#"%"/"#6E)!' /D,"A!'#!% !'(#"%"/"!' *"/6'%*'!%! 68"9"D#
9! !'/-F/!(',"4!'"#/ '(8! *4H)"7!' *", "#6,!(* )"!#1!(ADD$
D*"/)"%!-!%%50!/! !' "8/"50,  *"#!9!/!' "D,"A!'#!% !'( * DD
/ "#6/  "8/"%*"#-4 *"/"%'##6-,!(* ,!4!  !'D*"#!,69"("#'#DDD
%50!/! !' "/#"%"/"#6DGQ%4)"# )	D,"A0 7")  *"/4"?*.DD
)"!#)  "'1!(A8/%50!"#"//"' !,,6!' *"#6,!(*  *"#7%50!/! !'"!'(DD
',6>G- *"#!0','"1!(A%%#!'( %//%", !'',6/!/%50!/! !'DD
'#F/!(',8""/*!- "#8! * !4",(-?*1!(ADD 

CCCA	DA			CC	CAB	ADADD!
14 *"-!/ #6-,,8!'( *"'/" -'"8,!(* %'#! !'/ *"#!,69"("#DD"
#!9!/!' "#))"# GAG#
.
'# *"'/ !,!;"/0'#GGE#
.
 *0,6/%,"4! /!/DD#
)"!#/%%0"#4!',6 #0/71!(AD*"B#"%"/"# G) /D,"A#"' !'(D$
(!') !,#"/6'%*'!; !'- *"))0, !'D
0!'( *"-!/  8#6/ *"#!,69"("#%50!/! !' "#"%"/"/6DGQDD
%4)"# )D,"A0 #!,69! !'/8""/ !,,%,",69!/!,"'#,/)*/"#D
8! *-!: !'1!(AF/ - *"%50!/! !'%%0"##0!'( *"#6,!(* )"!# *"D
#7) "!'(',6>G- *"#!0','"1!(A%50!/! !''#F/!(',))""#!'D
))/! ")*/"//%//%", !'',6/!/"9","# !4",(-*" 8""' *" 8D 
/!(',/1!(AD!



	EA	DCC	CABAD"
	ABCBDBE


D*"%' !'00/,!(* "(!4"'# *"!'%"/"!' *",!(* #/" !((""#'D#
!'%"/"- *"#!,69"("##!9!/!' "8*!%*/ !,!;"#0'#G#
.
D,"AC)"%!-!%D$
'#%50!/! !' "/8""%,/"  *"#!9!/!' "4"'!'( * / "#6/  "*#""'D
"%*"#D,"A"/)! " *"%' !'00/,!(* "(!4"/!('!-!%' #!,69! !'/-)DD
8""/ !,,/"9"##0!'(#6/-%'#! !'/1!(AE' *"-!/ #6F/!(',/*8/D
/,!(* ,6,(")"7 *'!')%"' ""#' *"-!/ /0H"% !9"#0/7D8!4) ' D
F/!(',"9"' /%%0 *"#6-,,8!'(#0!'( *"/4"!' "9,1!',,64H0/ -D
F/!(',8//"9"# *"A
#
#6#0!'( *"#7"/  !'1!(AD 
D*"*!(*"#!,6)* '#/")),!"#!'%4)"# ) !((""#?GQD!
!'%"/"!'%50!/! !')"%",,D*!/8/%%"' 0 "#  *"))0, !',"9",6 *",("D"
!'%"/"!'%",,'04"/ '*0,6/%," *""8""%'/"9"##!,69! !'/-D#
%50!/! !'!'1!(AD*")"!#/-,8%50!/! !'8""(,,,6//%! "#8! *D$
)/! !9"F/!(',)"!#/1!(A'#4:!404%//%", !'" 8""' *"/" 8D
/!(',/8/ !'"#8! */*!- -D* " * //'/"(!4"8/)),!"#(!'DD
#!0',9! !'/-%50!/! !'"/04"#/!')"9!0/":)"!4"' /1!(AD*"D
-!: !')  "'8/#!--""' /! %"/"/ #!/),6%,"#!,69! !'/- " *"-!/ D
/0H"% !9"'!(* !'1!(A1!',,6! !/8 *' !'( *  *"%",,%' "' -*,D
%' !'0"# /*8#!,69! !'/!' *"%'#! !'/1!(?8*""/%' "' )"D 
%",,"4!'"#-!,6%'/ ' - " *"-!/ #60'#"%'#! !'/1!(?D!

B	CACAE		EBAD"
D*"#!,69"("##!9!/!' "8/"50!9,"' !'&%%,!4 !')"!#D#
%4)"# )D,"A0 #))"#6>A0'#"%'#! !'/D,"AB8/D $
"#0%"# G)"%"' (")!' /' *"/"%'##6-%'#! !'/- " *  *"/!(',-D 
)"%4" '!/6 %4)0 "","9' F/!(',D D
	ABCBDBE
 

'#%50!/! !' "/9!"#%%#!'(  *"13"%*)"7-,!(*  !((""#'D 
"'*'%"4"' -'#%50!/! !'/1!(A18*!%* *"'/ ))"##0!'( *"#7)"!#D 
D*"%",,0,%' "' /-*,'#!'%"/"##0!'( *"*-#6,!(* '#"/)"%!,,6D 
#0!'("%*,!(* )"71!(?'9"/",6%",,*,'##"%"/"# '!(* '#,/D  
 *0(*,"//47"#,6#0!'("%*#7)"!#- *"#6,!(* )*/"D !

	EEE	AD "
 D*"F!%*",!/.F"' "'", !'/*!)!/%44',60/"# %,%0, " *"0) 7"-D #
(!9"''0 !"' -4! /%'%"'  !'!' *"/00'#!'(4"#!048"9"! ))"/%,",6D!$
!')))! " ")"/"'  *")  "'-%50!/! !'!'0":)"!4"' /%50!/! !'!/' D!
/!4),6", "# ! /": "',%'%"'  !'1!(E8*"'%",,/"(8'0'#""(!4"D!D
'#8! *!''("-%'%"'  !'/8",,9" *"*,-/ 0 !'%'/ ' B'##! !'D!
 *"%50!/! !' "/*8"#?*%6%,!%)  "'8! **!(*'#,89,0"//"9"#D!
"/)"% !9",6#0!'(#6'#'!(* D*0/'"/"9",)4" "/,!'7"#  *",!(* D!
"(!4"/*0,#":" '##! !',%' ,' *"%50!/! !'F/ / 0#!"/4'! !'(D! 
'0 !"' %50!/! !'0'#"/!(',/":),!' *"9! !'/"9"#6 *""--"% - *",!(* D!!
#/"' *")*6/!,(!%,/  0/*!/*,4'#C //CFD%*,'" ,CCF/ " ,D!"
CC,7" ,GG0   *""/ -07'8,"#("''"":4!'"# *") "' !,D!#
!4),!% !'- *"%",,%6%,"D"$
D*!/!/50! "#!--!%0,  /7"%0/" *")*6/!,(!%,/  0/'# *"%",,%6%,""' D"
!'#")"'#"' ))" !"// *"%",,%6%,"!/0/0,,6/ 0#!"#'))0, !'//6'%*'!;"#6D"D
#!0',,!(* /!(',! !/' "/6 #!/%"'8*" *" *"#!0',9! !'-'"/)"%!-!%D"
)%"//"/0, /-4 *"/%!,, !'- *"1-4 *"%",,%6%,"-4 *-% /D"
J"*9"%*/"' 4'!)0, ""'9!'4"' ,%'#! !'/  %7," *!/!//0"D*0/8"D"
	ABCBDBE
!

!'#0%"# '/!"' )"!#/!'%*'(!'((8 *%'#! !'/8*!%**!(*,!(* "#/4")*"'4"'D" 
 * 8""0'%,"0'#",'%"#(8 *%'#! !'/ D"!

CEADCACACA	 CCA	CA!	E		"AD""
/":)"% "#0"/0, //*8"# * -!: !' "%", "// '(,68! *D"#
!'/ ' '"0/11!(D'# * %50!/! !'%%0/"//"' !,,6#0!'( *",!(* )*/"D#$
1!(AD*!//0(("/ /", !'" 8""' *"/" 8)%"//"/'# *"18*!%*(""/8! *D#
)"9!0/"/0, /%*,'" ,CC+!'%"' CCT0;"!'" ,GGK !'"#!'%0, 0"D#D
!'	(":)"!4"' /1")," "%'#! !'/'#"(0,%6%,"/%50!/! !'D#
4"/0"##0!'( *"#6!/)/! !9",6", "#  *"11!(F8*""/ *" "-#7D#
%50!/! !'8*!%*!/40%*,8" *'%50!/! !'#0!'( *"#6!/", "#  *"40' -D#
"'"(6/ "#/!' *"%",,1!(FD*0/0# /*8 * %50!/! !'!/%,",6D# 
", "#  *""'"(" !%/  0/- *"%",,D#!
8) !%0,  "' !'/*0,#")!#  *"-%  *  *"#!/)"/!'- *")!' /D#"
0'# *"", !'/*!)" 8""'%50!/! !''#!#!'%"1!(F!// 0% 0"#D*"D##
#!/)"/!'"-,"% /*6/ ""/!/)*"'4"''8*"" *" "/-%50!/! !'4"/0"##0!'($$
 *"- "''"- *"/4"1/6/ "4 !%,,6,8" *' */"4"/0"#!' *"$
4'!'(D*"/""/0, //*8 *  *""'"(" !%/  0/- *"%",,!/' /0--!%!"'  -0,,6$D
":),!' *"9! !'/- *"%50!/! !'  *"#!,6 !4"/%,"D*"7"6)!' ,!"/!' *"-% $
 * ,8 "/-%50!/! !'",,4"/0"#8*"'/!('!-!%' )) !'- *"$
))0, !'!/!'4! /!//"",/1!(FD*0/ *"/" 8)%"//"/I"/)"% !9",6#"9 "#$
 /4 !%(8 *'#%",,#!9!/!'I/""440 0,,6":%,0/!9"/D*"9! !'!' *"("'"$ 
":)"//!'"'%#!'(EA
.
 '/) "#0!'( *"%",,%6%,"") "#!'E*'F)"	$!
$($!/%'/!/ "' 8! *0/"9 !'/"/)"%!,,6 *",8":)"//!'!' *", ">F$"
)*/"") "#6!,#"'#'#*,!'GGGD*"6,/") "#9!,"":)"//!'-$#
	ABCBDBE
"

 *"EA
.
 '/) "("'"" 8""''#0  *"":)"% "#%'/"50"'%"'%50!/! !'$
/8' 9!/!,"!'0"/0, /)//!,6"%0/"- *"!'%4)," "/6'%*'!; !'- *"
))0, !'D
E0":)"!4"' / *0(* *"#")"//!'-0) 7"/"9"#8*"'/!('!-!%' ) 
- *"))0, !'!/!'4! /!// ("/0(("/ / *  *"/" 8)%"//"/"/)"% !9",6#"9 "# 
/4 !%(8 *'#%",,#!9!/!'"40 0,,6":%,0/!9"'#%'' %%0/!40, '"0/,6
#0!'( *"%",,%6%,"D*!//  "4"' %0,#"%4"%0%!,  *"))0, !',"9",8*"'%",,/ 
"/6'%*'!;"#'#%'/"50"' ,6":*!!  *"/4"%*% "!/ !%/' *"/4" !4"!
"
D	#	AA$DA		EA#
C6'%*'!; !'%%0/8*"'%",,/)("///!4!,,6!' *"!%",,%6%,"D*0/D$
/6'%*'!; !'!/ *"4%/%)!%4'!-"/  !' ))0, !'/%,"- *"":!/ "'%"-D
%",,%6%,"%%0!'( %",,0,/%,"D*""-" *" "-/6'%*'!%! 6!/", "#  *"DD
)) !'-!'#!9!#0,/ * "/!40, '"0/,6!' *"/4"/ ("8*!%*"/0, /-4 *"D
 !4"%' ,- *"%",,%6%,"6%*"%7)!' /A/0,,64!%,("*9"%*"%7)!' D
"/)'#!'( ,!(* '#%'#! !'/!')*/"'#/4"#! 4/*9"/0)),"4"' 6D
,!(* %*"%7)!' !'E,/''#*!/*,4CKD+0, " ,CKD'/"50"' ,6'D 
/%!,, !'(/!(',-,!(* C)0#!%*'#C("CKG+!'%"' CC'0 !"' J*"","" ,D!
CKA"'#" ,CCD%' !((" *"/6'%*'!; !'-%",,/8! *!' *"!%",,%6%,"D"
B' *")":)"!4"' 8*"" *"'0 !"' '#,!(* %'#! !'/8""' ,!4! !'(-D#
(8 * *"%%0"'%"-'"4H#!9!/!')"79!/!,""9"6#6/0(("/ / *  *"$
))0, !'8//6'%*'!;"#6 *"/!(',1!(A% 0,,6 84H#!9!/!')"7/
/*0,#%%0)"#6'  ,,6/6'%*'!;"#))0, !'(8!'( ?#
.
I8*!%*!/'  *"D
%/"*""B -,,8/ *  *"))0, !'8/',6) !,,6/6'%*'!;"#6 *"%'#! !'/
D*!/!/,/"-,"% "#6 *"":!/ "'%"-/"%'#6#!9!/!')"7/-,8"4),! 0#"
	ABCBDBE
#

!#"' !-!"# #!--""'  !4"/- *"#6) !,/6'%*'!; !'"-,"% /#!--""'%"/" 8""'
!'#!9!#0,/' ,6!' *"!!,! 6 %*!"9" *"!%",,%6%,"!' *"/4" !4"D*""-" *" 
,"9",-/6'%*'!%! 6#")"'#/,/' *"#"(""-!'#!9!#0,9!!,! 6 * %*% "!;"/!
 *"8*,"))0, !'D*!/-" 0"%'":),!'8*6 *"))0, !',/ ! //6'%*'!; !'"
8*"'(8'0'#"/0) !4,%'#! !'/A'#".,!4! "#%'#! !'/":)"!4"'  *"#
#"/6'%*'!; !'%'"":),!'"#6' *"%*"%7)!' !' *"%",,%6%,"B'#""#0'#"$
/!(','#''.,!4! !'('0 !"' / *"%",,%6%,"-,	#$%	!/',6/ 0% 0"#8! *
,!(* ./"#%*"%7)!' !'Q!'%"/"/!'":)"!4"' /D,"A##!'(.D
,!4!  !',"#/ *"%",,%6%," ",/)//!,6/ ))"#!')!'%"/"/!'
":)"!4"' D,"A#!/ 0!'( *"/6'%*'!;!'("--"% - *"/!(',
B ))"/ * 8*"'(8 *%'#! !'/") !4,!'#!9!#0,//*8 *"/!4!,
"*9!' ,6 ":),!  *"!"'"(" !%'#'0 ! !',"/0%"/'# %*!"9" *"!%",, 
%6%,"6%' / 8*"'%",,/*9" #)  /0) !4,(8 *%'#! !'/!'#!9!#0,!
#!--""'%"/"%%"' 0 "#"%0/"%",,/#' *9" *"/4"!,! 6-%%,!4 !'#0" "
)*"' 6)!%#!--""'%"/1!',,6 *"!'#!9!#0,#!--""'%"/!' /)"%!-!%#!9"/! 6!'%"/"/#
 *"#!/%")'%6" 8""' *"%",,%6%,"/'#,"#/ *"))0, !' #"/6'%*'!; !'$
"'%"0"/0, //0(("/  * )*"' 6)!%9!!,! 6'#(8!'(%'#! !'/"!' !'/!%,,6
,!'7"#  *"/6'%*'!; !')%"//-))0, !'D
A
A
/%'%,0/!'0"/0, //0(("/  *  *"'! ("'%50!/! !'!/!'%4) !,"8! *
4! /!/'# *0/!/' %' !'00/#0!'( *"%",,%6%,"J"/*8"# * "'9!'4"' ,
%'#! !'//0%*/ *",!(* /!(','# *"'0 !"' /0)),6--"%  *"/6'%*'6- *"
))0, !''#-!',,6*9"4%/%)!%%'/"50"'%"/' *"))0, !'#6'4!%/D*" 
%'/"50"'%"/-%",,/6'%*'!; !'''0 !"' %50!/! !'/*0,#'8" 7"'!' !
	ABCBDBE
D$

%%0' -4'"%,(!%,)!' -9!"8'#!'%,0#"#!'4 *"4 !%,4#",/!'#" "
"  "%%0' -)*6 ),'7 ''#'0 !"' #6'4!%/!' *"' 0,"'9!'4"' #

C CCCEAA
"'#EF,<C%!'#CCDD*""--"% -%' ,,"#-,0% 0 !'('0 !"' 
"'9!'4"' '%' !'00/%0, 0"/-)*6 ),'7 '4'! "#6%4)0 "/7,	B-,	",	
!,	B)CF3DA.FK
!'#"T0'#FGG!",%6%,"/!'/0-%"8 "/- *""50 !,%!-!%
&"	,	+"		,	(',	)"%,?C3DG.DF
06' 1!'F"' 6/!,E"*"'-",#FT,0/ "!%0#
%;"7, ;"'#--T2,!";"7F0/9 "'/761!'F
C%!'#F!""' 6,0/ ",'%* T!%0#!))7
0,"'C0!/1< "'/761GG':"'!%%6%,/  -+)F)))(
CE8! */!40, -' 0,,!(* "(!4"/7,	,	+F*)A3AE.?
06' 1!'F"' 6/!,E"*"'-",#FT,0/ "!%0#
%;"7, ;"'#--T2,!";"7F0/9< "'/761GGER!",
9! !'/!' *")* /6' *" !%)4" "/-+)F)))(/ !'CE34!'"#
"--"% /-,!(* '#%",,%6%,",	)"%,EG3KEG.KDA
;";!'/7!F<',"6TCC?C!,!%'#")/! !'#0!'( *"%",,%6%,"-
F"""	#$%%!,,!)*6%""#" "4!'"#0/!'(#0,*#4!'"A'#
))!#!04!#!#"/ !'!'(7,	+F*)AG3?E.EE
)"'TCDE6'4!%/-'!  ",!4! "#(8 *-)F*	%"2""	))0, !'/*.
 *"/!/A'!9"/! 6-,!-'!
)"'TCDF)0, !'(8 *!'4!%.('!/4/,!4! "#6-#/0)),6B)%*
	ABCBDBE
D

?KERFE.
)"'T<F"6"TCF! ("'.,!4! "#(8 *-4!'")*6 ),'7 'BBA) 7"
7!'" !%/'# *"!,"!''0 !"' ,!4! "#(8 *-)*6 ),'7 ',	",	,	)"%,	
2C3DC.DA
*!/*,4CJ40/ +<E,/'TCKDD*"!'#!9!#0,%",,!')*6 ),'7 '
"%,(63%",,%6%,"/'#)),!% !'/--,8%6 4" 6,  D"#D*")*6/!,(!%,
"%,(6-)* /6' *" !%)!%),'7 '!' *"%"''#!'0,," !'-1!/*"!"/'#
50 !%C%!"'%"/E 8?3A?A.ADC
*!/*,4CJ<C //CFD*/)* "0) 7"7!'" !%/!'B(%"	%")
0(,"')*6%""(8'',!(* >#7%6%,"/BB*/"#E?.,!4! "#%0, 0"/7,	+F*)3
F.
*!/*,4CJ</ ",,TCKGB'-,0"'%"-"'9!'4"' ,-% /'#))0, !'
%4)/! !'' *" !4!'(-%",,#!9!/!'!'	F"""	$( "%!,,!)*6%""
(8'',!(* >#7%6%,"/7,	+F*)D3AFE.AKA
,50!'F !'.T";"50",+2474)T+",#*0!/FTJ<26JGG
A'%0),!'(-/!,!%'%4)"#8! *%''#'! ("'4" ,!/4/'# *","- *"%",,
%6%,"!'%' !'00/%0, 0"/-F"""	('""%!,,!)*6%""0'#",!(* 
'! ("''#)*/)*0/%' ,7,	+F*)AK3C.CAG
,50!'2474)T<F !'.T";"50",+GG?", !'/*!)" 8""'
)* /6' *" !%4" ,!/4'#%",,%6%,"!'/6'%*'!;"#%0, 0"- *"4!'",(
E*'F)"	$($%!,,!)*6%""B(7,	+F*)AC3AA.?
,71,6''2T<E8"'/TGG.//!4!, !'!' *"':!0/-,(",, "
%"	)"")*!#)*6%""3#")"'#"'%"',!(* './0%"'#)*6/!,(!%,
/  "7,	+F*)AK3EGA.E
%*,'J!/'T<"'4'2CC!",)"!#!%! 6-'! ("'0) 7"6
	ABCBDBE
DD

4!'")*6 ),'7 '!''!  ".!%*"'9!'4"' /,	)"%,AD3DKC.FGG
,,/+50"<C0%*0GGE%%,!4 !'-'!  "0) 7"6)*6 ),'7 ' 
*!(*/0/  ","9",/7,	+F*)?3?DD.?FK
0*",E '"<"'CCK?!(* /6' *"/!/-) "!'6,(",	
)"%,C3FA.F??
0(#,"CDF0 !"' ,!4!  !'!' *"/"3#6'4!%/!#"' !-!% !''#/!('!-!%'%"
,	)"%,3DKE.DCE
)),"6J< /8 *TCDD0, 0"- *"4!'")*6 ),'7 "(""	
)"8! *,!(* .#7%6%,"/)F,	)2EE3DD.KG
)),"6J("/T<F%% *6TTCDC,-/ 0 !'%'/ ' /-0) 7"-
'!  "'#44'!0464!'")*6 ),'7 ',	)"%,?3C.C
" *FJ<*!/*,4CJCKC*'("!')* /6' *" !%%)%! 69" *"%",,
%6%,"!',!(* >#7./6'%*'!;"#F'(	)"#0"/,",6  *")* %6%,"+"	
+F*C3CCC.GGE
0!,,#<6 *"TCDC 0#!"/-4!'"),'7 '!%#! 4/BE*)"	""
0/ "# '#("	)$ ")"%,"9"D",	E",	7,	)2K3C.AC
!,#"'#F<*,!'2GGG!  " '/) "("'"/-4 *"#! 4E*'F)"	
$($%!,,!)*6%""34,"9",/%' ,,"#6'! ("'/0%"'#6%",,%6%,"
7,	+F*)AD3FG.FA
T0;"!',,/%U/+!,F<F/FGGKC* . "4 "4),9!!,! 6
-44'!04'#0"0) 7"6-"'(	)""#!')*6 !'%0, 0"/7,	+F*)
??3AD.?E
8/<J'(CFKC 0#!"/-%''#'! ("'4" ,!/46 *""
4!'")*6 ),'7 '/)"%!"/!''!  ",!4! "#%' !'00/%0, 0"7,	+F*)?3?GD.?D
!4D"8A/0)2!642!7"2<E( DGGD--"% /-,!(* 
	ABCBDBE
D

'# "4)" 0"'(8 *'!  "0) 7"'# :!')#0% !'- 8 )!%,
#!'-,(",, "/3-"'(	"*" ")F'#-"'(	((!')*6%""7,	
+F*)?3FKD.FCC
4/FJ<,!" FCCCB' "% !'/" 8""'?
@
'#EA
.
0) 7"'#
//!4!, !'3%4)!/'-#! 4/'##!'-(",, "/ /"9",(8 * "4)" 0"/",	
!AA3E?.EE
F%B/%TT<0(#,"CFB' "% !'/-,!(* '#!'('!%'! ("'!'
%' ,,!'('! ("'0) 7"!' *"/"	"	")F	"'	)"%"F)	2")C3A
GC.A
F,<C%!'#CC40, !)4" ")*6 ),'7 '%0, 0"/6/ "4#!9"'6
4!%%4)0 "7,	,	+F*)A3AE.?
F/ F0*!2<"4",,CC6%,!%#!0',.9! !'/!' *"//!4!, !'
-'!  "6+F"'")*(	)((+"	+F*,	!)FAG3DDE.DFA
F6B%;"7D'2,8 D"6FTC%','T07!,,
<079F+GGK!",*6 *4!%! 6!'4!'%!#0) 7"6+)F)))(,	
B ,	)2G3?.A
""#T<!/'TGG?B'-,0"'%"-,8,!(* '#,!(* 3#7%6%,"''!  "
0) 7"!' %",,0,'!  "'#'! ("'!/ )"-% !' !'64!'")*6 ),'7 '7,	
+F*)?G3EGE.ED
E,/'T<*!/*,4CJCKD--"% /-,!(* '#'! ("',!4!  !'' *"%",,%6%,"
- *"#!'-,(",, "F'(	)"7,	+"8	K3FKE.FCA
C *0D!44"4'/2,!'C<D&(0"GGE8 *)*6/!,(6'#- "
-#! 4/!' *"%"'3"9!"8T0',-C""/"%*EA3E.?
C%!'#,6T"-"9""4""!44",!'"'!/F<  0/T
GGA"/)'/"-%%%,! *)*!#B""	F(-* ","9 "#) !,)"//0"-E
	ABCBDBE
D

0'#"'! ("',!4!  !'",	B),	+%,	D3.
C)0#!%*T<C("CKG"(0, !'- *"EF"*'"%",,%6%,"6,!(* '#
#7,	7,	E	!KE3AD.?E
C0'F	!'<0JCK?E' *"4" *#-#" "4!'!'(  ,#!//,9"#
%*6# "/!'/"8 " "4)" 0""--"% -)*"',/0,-0!%%!#E)'	)")	
A8F3K?
D0)!',!-!B!%*J"("<,4"/TTCKKB' "% !'/
" 8""')* /6' *"/!/"/)! !''#'! ("'//!4!, !'!'4!%,("E",	7,	!DD3
GKA.GCF
+',""(*"0))"+,//72FD0)!'CC% !9 !'-
"/)! !' /0)) #7EA
.
'#?
@
//!4!, !'!' *"(""',("(	
((+"	+F*CC3?CE.EGG
+0, E,/'T<*!/*,4CJCKD!(* '##7%' ,- *"%",,%6%,"!'
 84!'")*6 ),'7 '/)"%!"/B-,	E	DF3AK.E
+0, CC?D*"%",,%6%,"-)*6 ),'7 '3%0),!'(%",,(8 * ))0, !'(8 *
DEV#W)("	B)%*	$	0(")	)2B,!%%B ,6
+0, <F!"CCC!",9!!,! 6-)* /6' *" !%)!%),'7 '!' *""50 !,
%!-!%7,	DF*,	,	)"G?3ACF.AAG
+!'%"' J1CCD*"#!,6)  "'-'! ("'0) 7"6)*6 ),'7 '!'#6'4!%
4!:"#,6""'9!'4"' /*'2%"AK3AF.E
J*"","E,/'T<*!/*,4CJCKA--"% /-)* %6%,"/'#)"!#!%
44'!04/0)),6' *""4!'")*6 ),'7 '/)"%!"/BB44'!040) 7"'#
//!4!, !'7,	+F*)C3EK.EAA
"' /%*C<F"';",JCDA4" *#- *"#" "4!' !'-)*6 ),'7 '
%*,)*6,,'#)*")*6 !'6-,0"/%"'%"&"	,G3.A
	ABCBDBE
D

 
	ABCBDBE
D 

1!(0"/
X"/0, /-%' ,":)"!4"' 04"-%",,/'##!9!/!' "R)"%"' ("
%",,/'#F/!(',R!9!/!' "'#F/!(',R: %",,0,EA%'%"'  !''#
%50!/! !' "R",,0,%'%"'  !''#%50!/! !' "R1E9",6- *" 8
%50!/! !' "/!(',/'#EA@>C!' !R",,0,%'%"'  !''#-!: !'
 "R",,0,'#%' "' '#> !RB*,)*6,,'#%*6# "/"6,!'"
")"/"' / *")* '-,0:#"'/! 6P4,50' 4
.
/
.

X", !'" 8""' *" 8/!(',/-%50!/! !'!')":)"!4"' 
XA "/-'! ("'%50!/! !'%' !'00/,!'"/%'-!: !'#  "#,!'"/'##!9!/!'
#/*"#,!'"/!' *"#!--""' ":)"!4"' /* '-,0:#"'/! 6!'("6E
":)"!4"' ":)"!4"' .":)"!4"' /":)"!4"' E
":)"!4"' 1":)"!4"' 
X?*,)*6,,"-!,,"#%!%,"/%' !'00/,!'"/'#%*6# "/)"'%!%,"/#/*"#
,!'"/!'#!--""' ":)"!4"' /* '-,0:#"'/! 6!'("6E":)"!4"' 
":)"!4"' 
XE! ("'%50!/! !'9//0/  "%'%"'  !'!')E)"'"#%!%,"/%"/)'# 
#6,!(* 4"/0"/-!,,"#'"/ 4"/0"/ '!(* 
XD'-!: !'9/)* '-,0:#"'/! 69YGCA#0!'( *"#6,!(* !')
XF--" -"'"(6/  0/'#4! /!/''! ("'%50!/! !'C64,/!'%!%,"/") 
)/! !9"F! /!//!(',! ("'%50!/! !'9/)* '-,0:#"'/! 69YGE?#0!'( *"
#6,!(* !')! ("'%50!/! !'9/%*6# "%' "'  '!(* ZYGAF#0!'(
)'#
	ABCBDBE
D!

D,"/

D,"!(* )* )"!#,!(* !' "'/! 6 ''B4:#!,69"("#,!(* #/"B>'#
'0 ! !',%0, 0"4#"#!,0 !' "#
.
'04"-#!9!/!'/)"#6%'#! !'/
#0!'( *"#!--""' ":)"!4"' /
:)"!4"' 
!(* 
%'#! !'/
* )"!#
>
B4:IB>
0, 0"
4#"
.
E	

>
KGG.GG	
D0!#/  
?.G	


>
KGG.GG
*"4/  
GDC.G
.

>
GGIE
D0!#/  
GKG.
/	

>
G.E
D0!#/  
G?G.GE
E

?>GG
?GG.?GG
D0!#/  
GG.C
	

>
AEG.
AEG
D0!#/  
GCGI
	ABCBDBE
D"

D,"140,-%4)0  !'-#!9!/!' "EA/) !' "'#//!4!, !'
 "'#4! /!//!(',1,,-40, ")"/"' / !4"
!9!/!' "  




 
:Y%",,#"'/! 6
.

Y#!,0 !' "#
.

%50!/! !' "
%4)0 "#''!  "%'%"'  !'
	A  B
CDE

 CDF B DE
	Y'!  "%'%"'  !'!'%0, 0"P4,
.

		Y'!  "%'%"'  !'!'/0)),!"#4"#!04
'#%50!/! !' "/
%4)0 "#'%",,0,!4//
	 




 
	 




 
E	'#		Y%",,0,%''#'! ("'
%'%"'  !'/P4,
.

F! /!//!(',  



 
 Y)"%"' ("-%",,/!' *")*/"
	ABCBDBE
D#

D,"A!,69"(""/0, /-,,":)"!4"' / #6"("'#3'43' 4"/0"#[ 
#6A
 A 	A %	&A %	'A %A CAB%A B%A
		E	ACA
># ? GF GF G G ? 
CACA
4),! 0#"-))) ?G E E G G ?G \E[
A!	E		AC
)4,>#>%",,A FA G?A GCA GAA EA KA GCA
C)"%!-!%># ? GE GF G? G D G
A!	E		AC
)4,>#>%",,A A?A ??A ?CA A FA A KAA
C)"%!-!%># ? GK GE GA G  G
A(AA!E
>%",,)4,>%",,A CA DA KCA FEA GDA KCA KAA
>%",,)4,>%",,  GFD ? GG AG A ?
>4,>4, G? G GA G? GA GE G?

